Abstract. This article proposes the autonomous assistance of a Truck based on a user's inattention analysis. The level of user inattention is associated with a standalone controller of driving of assistance and path correction. The assistance algorithm is based on the kinematic model of the Truck and the level of user inattention In addition, a 3D simulator is developed in a virtual environment that allows to emulate the behavior of the vehicle and user in different weather conditions and paths. The experimental results using the virtual simulator, show the correct performance of the algorithm of assistance proposed.
Introduction
The transit accidents attribute grave problems in today's society interfering directly with the global economy. This particularly affects countries low economic income, where 65% of injuries in the population are attributed to these accidents [1, 2] , registering that the last two decades the current social transformation, migration and industrialization, they locate the developing countries as the most in having high rates of car accident and it is estimated that each year die 1.25 million people around world [3] . However, the mortality rate among users of rural roads highly developed countries is lower in comparison to the countries en paths developing [4] this is how transit accidents are a priority problem in public health for the World Health Organization (WHO) in terms of high mortality rates and economic costs that have been generated in recent years [5] . Previous studies have identified some main factors that are directly related to this phenomenon, as are: negligence, noncompliance with traffic laws and lack of attention when driving, showing that the latter is the leading cause of accidents of transit on road [6, 7] .
The driving of vehicles entails to perform specific tasks and in some cases with a degree of complexity at different levels and unlimited time scales the attention, coordination and concentration play an important role in skills of driving to prevent road accidents. However, the driver must not only do this work but also carry out secondary tasks how to observe the GPS, talk on a cell phone, etc. Regardless of any activity that might attract your attention, this causes stress in the driver, that can disturb your attention, and generate affectations not only personal but in other cases to third per-sons [8] . For this reason, different accident prevention techniques have been put into practice with the aim of tackling the problematic presented, among them are have artificial or intelligent vision systems, these techniques are denominates ITS (Intelligent Transportation Systems), the new generation of safety systems is made up mainly of innovative technologies commensurate to the performance of the vehicles of in the actuality [9] . These systems detect driver fatigue and can easily react in real time with an audible signal. [10] , which not only fit into two seater or family vehicles but are also implemented in public transport vehicles, mining and heavy transport, obtaining from the latter the longest time a driver is behind the wheel at extended times with an estimated up to 15 hours of continuous driving according to the NHTSA (National Highway Traffic Safety Administration) resulting in a high level of fatigue and drowsiness, [11, 12] The ITS systems and auditory alerts, if well propose a preventive in car accidents, they have been generated drawbacks with the type of alert they issue, the loud noise and location of the emitter, are some causes that have caused an instinctive reaction of the motor reflex at the moment of driving that are reflected in potential accidents [13, 14] . One of the tools currently available to deal with these problems is the use of driving simulators, which are indistinctly designed with scenarios to evaluate a driver's characteristics in the face of unexpected events that also occur in real driving. On the other hand, researchers have shown that drivers modify their behavior according to the risk they perceive, thus defining an analysis of a driver's inattention and reaction to a visual alert. [15] .
Taking into account the analysis and problems presented above, this document is defined with the purpose of analyzing the inattention of a user by means of the realization of a driving simulator of a vehicle type Truck in virtual reality. Coupling to this an autonomous path correction control; the simulator is designed in such a way that it generates an immersion to the user identical to the driving on the road and feedback of vibratory and axial forces emitted by the haptic device. In addition, the haptic control devices of the vehicle, they fulfill the same function as the devices controls of a real vehicle, and allows an evaluation of the user's performance when performing driving maneuvers.
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Virtual Environment with Driving Simulator In addition, position, velocity and orientation variables are shared bidirectional with Matlab through a shared memory. The output phase provides the user surround audio, a virtual environment sensitive to the movement of scenes, haptic response with feedback of vibratory forces and axial forces generated by the path control. The design of the 3D model of the Truck starts in a CAD software, which is a tool that generates on detail solids 3D. In Fig. 2 , the multilayer scheme for the development of applications in virtual environments is shown with the aim of providing greater immersion to users in driving tasks. Layer 2: in this layer the control elements (steering wheel, pedal board, gear lever and propulsion axes) are determined from the reference system, which is arranged in a hierarchical manner, allowing characteristic movements. In addition, materials and textures are applied to each component of the vehicle to increase its detail to the user; Layer 3: In this layer, the 3D model with the kinematics and texture defined, is imported into the Unity 3D scene, each component is linked to the control and data entry algorithms. In Fig.4 . The vehicle is shown in two virtual scenarios created to perform driving maneuvers.
Fig 4. Driving scenes
In addition, there are control sub-layers that are described as follows; Sub-layer 3.1: Matlab mathematical software contains the mathematical modeling and control law that analyzes the level of user attention and manages the control of driving assistance; Sub-layer 3.2: This sub-layer has the logical programming of control and analysis of data that is obtained with respect to the driving of the user, resulting in auditory responses, visual alerts, and feedback of axial and vibratory forces from the steering wheel to the user.
Controller Design
The control of paths tracking, although it is a subject very used in the case of the robots type car-like, in this section, an autonomous assistance algorithm is proposed based on: visual inattention of the user; mathematical model of the Truck; and in the paths tracking problem. a) Kinematic Modeling The kinematic model of the Truck, consider the point of interest ( , )
at a distance a of the rear axle wheels propulsion, to the center of the vehicle, as shown in 
The cinematic model (1), It can be expressed in a compact form as: 
where, max v is the maximum speed desired on the chosen path; 1 k ; 2 k represent constants that ponder the error and the radius of curvature  of the desired path. When considering a path P as an aggregate of points, the curvature value is defined as:
The values of the radius curvature in each time interval of (4), can only be found if you have the analytical expression of the path. This limits to a large extent the use of this type of considerations, since for real applications the route to follow is not always available in the form of derivable mathematical equations. To solve the limitation of not having the analytical expression, it is proposed to use the following point   
Taking into account that the path correction which consists of locating the vehicle within a predefined path without parameterization in time. Therefore the control objective is to position the desired point, at the closest point of the path   Ps at a desired velocity d  . To have a scope of the exposed objective the following expression is considered:
h is the desired path, (7) and (8), the system can be rewritten as 
Au b
Whereas the Jacobiana matrix 
where, 
f) Feedback of Forces
To generate the feedback of forces in the steering wheel the equation is used (11) , that describes the relationship between lateral forces ,
So that the poles of the system (13) are within the unit radius then, it is necessary that the profit matrix    
Thus, in this way it is concluded that control
, has asymptotic stability, that is to say, the vehicle follows the desired path when there is a level of inattention of the user when driving.
Experimental Results
In this stage, conduction tests for the purpose of evaluate the performance of the control of assistance based on the user's inattention while driving Truck in virtual reality. In Fig. 8 the experiments performed are shown, for this, an HP laptop is used (AMD Dual-Core, 3GB RAM, 500GB HDD), Óculus Rift, Headphones, Logitech steering wheel (G920 Force Feedback Racing), pedals and gear lever
Fig 8. Driving test
In Fig. 9 , a menu is displayed in which the user can select two types of driving stage, the first stage is generated with a night driving environment, vs., to the second scenario that has a driving in the day. To perform the ideal path correction, from the driver's steering wheel, by feedback of axial forces, a ratio adjustment is used, between the steering angle of the steering wheel and the angle of rotation of the wheels, i.e., for a Truck the total turn angle of the direction w  , is 900 , and the blocking angle b  , of the wheels is 30 , where the following formula is applied that for every 15 of turn of steering wheel, the wheels will turn 1 . The trajectory control results are shown in Fig. 12 , in which a conduction is carried out with absence of the driving controller and another with the driving assistant activated, and it is observed that the axial force feedback, controls the rotation of the steering wheel continuously along the desired trajectory.
The velocity printed by the driving assistant to the Truck can be seen in Fig. 13 , where it maintains a controlled speed during the journey, and when the driver exceeds the velocity limit, the controller reduces the velocity autonomously. And you get as a result, an efficient control of the velocity compared to a driving without a controller. When the user turns his head out of the area of the visible section of the path, the inattention detection system, sends a visual warning signal to the driver as shown in Fig. 15 . 
Conclusions
This document presented a design that analyzes the inattention index that a driver has when performing driving maneuvers, and the design of a driving assistant, based on control of tracing of paths car-like, that helps the user to obtain better driving habits. The high degree of detail added in the 3D model, increases driving immersion to the user. The advantage of this, is the ability to perform driving maneuvers similar to driving on the road, with the uniqueness of being a Truck. So, focusing on the application, from the point of view of driver training, in this type of vehicle of heavy transport, it becomes a tool for students who are learning to drive a vehicle following the conventional educational process. The use of virtual reality has benefits from a secure environment, where the driving tests are also monitored by the driving assistant, which records the ability to maneuver this vehicle, even in situations of risk, allowing to know the level of concentration that the driver can have, when facing this type of situations, that are part of a daily driving on the road.
